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M~EASUREMENT OF THE TEIIERATURE Byamo;e ._.... u... .......

OF T11111 DETJNATION FRONT it''oI

OF EXPLJOSIVE SUBSTANCESAvl
Dist Special,

[Following is the translation of an artici fr
by 1. M. Voskoboinikov and A. Ya. Apin en-
titled "Izmerenie temperatury detonatsionnogo
fronta vzryvchatykh veshchestv" (English
version above) in Dokiady Akademii Nauk USSR,
Vol. 130, No. 4, 1960, Moscow, pages 804-806.1

Calculatica of the Pa.rameters of the detonation wave
shows that the detonation temperature is the value most
sensitile to the formi of equation of state of explosion
products, and knowledge of it is necessary in the verifi-
cation .of the latter. Up to the present time, however,
little work has been published on experimental determina-
tion of the detonation temperat.ire. We undertook measuring
the temperature of thne detonation front from the front in
trainsparent and semi-transparent charges of liquid and
solid explosive substances by the electronic-optical method.

Measurement of the detonationi temperatuxe in transparent
liuid elosive suibstances

The luminescence of the detonation front in a charge
of liquid explosive subst"-nce placed in a Plexiglas flask
with a transparent bo~ito was recorded fromr the frontal
surface by means of a FEJ-29 M photomultiplier whose cur-



rent was registered on an osciLlograph with a single OK-17
M scanner. in the investigation of lu-inescence of deto-

nation fronts in nitromethane and methyl nitrate it was
found that they have spectra (ir the region of 400-600
mz ) similar to the s ectia of black bodies w,,ith a tem-
perature of 3700 and 45000 K respectzve'Ly and equal aission
coefficients. The latter permits us to suppose that the de-
tonation front shines like a black or gray body and that it
is possible therefore to measure the te eratures by a
chromatic method consisting o ioparison of the i).rightness
of the luminescence in tb:*wo sectLiss of the spectrum
(in our case behind light-filters SS-5 and ZS-1).

In the experiment measuremennt was made of the rela-
tionship

S,-t t A S'b r3

where SA is the spectral setsitivity of the photomulti-
plier, bX the spectral brightness of the source, IC SS-5
and T ZS-1 the emission coefficients of the light-filters,

AI d A2 the limits of spectral sensitivity of the
photomu1iplier, and the tcmperature was found according
to a graduated graph of the relaticnship of I ss-5 to

£ zs-l
the reciprocal of the temperature of the source, cons-
tructed by calculation for an absolutely black body. With
the aid of a standard source of light a preliminary calcu-
lation was made of the spectral sensitivity of the photo-
multiplier and the emission coefficient of the optical
system.

The maximum error in measurement of the relationship
-F of the detonation front of transparent liquid

ZS -I

explosive substances amounLed to 3%, which represents an
error in measurement of temperature not greater than 1500
K. Tabie i shows us for .he detonation front, the initial
density f. and the rates of detonation for a number of
liquid and solid explosive substances. The rates of
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detonat.ion D~ were aecii~*~~ n acev~racy o_- up to
1O0m/sec e$,ther by tzie eI.actricel c ontact or by the optical
m~ethod. 3he acci-racy cf -me~ :r&nn c-4 d dco tiot.

t~ar~frso' ' 6dl 0-ic~.bti.:si c~1

D
Substnce frr.se-d

~iro1yern-30 7650
X4 rrog1l!col :U 4A0 :40

Tetrvlantrathe 6i50

It ',00

I NA 1.370; 8000

M~easureernt of the e.t-2onricn 4'pe~ r~ it.
transparent C'mages ofscl.d cxpl.sive substai--es

*In the same -way ak& measur, jzeats were made of the~cie-
tonation ILxont in transparcrnt chkarges of 1Uqic explosive
substances it is possible to measucre teniperatures in seipi-
transpa # t hrges a.; n. .i -d substances with -a ensic:y

t~ea a rocr'-st&. si t7e .~rtase, the li.:tuinescerice
is recorded upon the emergenc: of the detonation wave on
the face of the -*bare, whc ?4-,6es not permit na&-Ing a
measuremenL'- of teabsor-c-tior, of light in the charge.
But thp. A~ight trans ac,. _ of the charge and the br-Lght

*lumiaescence of th e Ghoc*Lr. wa,e oi- the air during the di-s-

pcxsion of explos-,ion p-cociicts from the faice alkes it
difficult todtrmn he rnoizazt o.g eme -gence of the wave
exactly. The face of tv-io -L~x s placed in -water in

A-6 .der to iae-z~p! the Ittniaescece of the aiv shock wave.
Special attention was gJAL.-..i in Khe. experzents to the ab-
£sence cf fissuX-es i~i th . chic.ge aad t),e adhesion of air
to the facial surfa'ce of the charge..

In cwiparison of the briglh_ ness of the luimiivascence
ox detonation fronts In Inves t I.ations of explosivre sub-
stances in the area of the spectntou ofa 400-600 Tq ii: was
found that, their relationship 1.9 the same as it must be
.6or absolutely black bodies at these temperatures (this



corresponds to one and the sarae emission coefficient of the
detonation front). This niable s us, in measuring tempera-
tures by the chtomatic mnethod, to check it all the time
by comparing, the brightness of luminescenace of the cte-
I-onation of the explosix eb;t% e be--.g investigatP.-1
with the brightness of luincescence o' any explosivc
substance studie-d previously (pi:acticalky - b.--ightness
method of raeasu-irg ve.,,m:,atures). Since fthe emission
coefficient of Cte deto ,Atlc~ £rJtd'I 0 hag rt
substan(ce to substanc4 ard the tezperavure changes iccm
3500 to 50000 K, It can ~ su. tlat it is ninar unity.

Discussion of cbe results

Of previously Dpublished work on #.6he experiental
determination of detonation temperatures, re--feia-.e should
be made to that of tlentsev, Beiyaev et al. tl
-who first measured te dc*zonacion te2aperatures of liqcuid
explosive substances, and to the faore etwokf-

Gibon t a. LI ,who i03ed lhtcon uctors, weakly 4 ~'
shining cha':-ging an' th, eectro-optical method to raeasure
detonation temperatures. iThe detonation temperatures of
nitromethaic and nitroglyzerin obt-Ained by us agree with
the res-ults in, [21 and the teTmTeratures ,;f hex~ogen and
TEN difr.

Th, measured detonationi terapetatures are coo larg'e
= to be attributed to 1unnescence o~f non-r,:active shock

front preceding the detination complex. Because of Che
small depth of the re~act-wLnxi in powerful explosive
substances witha rapi-d growth- of the reaction rates in it,
and the strong dependen ce of br-ighness of the lumknescence
on temperature, i~t 'cqn t;e- assumed that these temperatures
are very near thcse which will be in a Chapman-Juge plane.

By using the temperatures obtaine, an i iethe
*experimental values o-f tiie p,-ressure [3] during detonation

of TEN(~ 1.77 lce, '14u.1.0' 4atm), hexogei- ( p,,
1.79 gicc,. p - 39O. atan), ait-rogliyrerin ( ~w1.60
glcc, p 250.103 atm) and rvitromethanie ( P, *1.14 glcc,

p sl3.10 am) t-s possible to check the different
types of equations or A state of the explosion products.
The data given do not co-ffitii -,-he values calculated in
papers 147
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iecently in Cook's wozkV 8 there is extens ive
-use of the equation of -tate pv *nRaT + p. a (v), hr
a is the ntraber of mbls per graw of produc ts, R is the gas
constazat, is the speci. vlu of the -prodxucts L-n the
Chapmarn-Aige plane. Wltb& th,. 1-orn of tne aquatio-a
state, proceeding fr=t our diata z-or pressure and tepe:-a-
ture, it would be poss:iLbe to..' -ssume d,- -ression for the
co-volume a(v) = v(i..OR--OZ 4 vv), which, -it -1S true, does
!*Ot agree with the numerical vaiues gi:ci in 8 1 .With

a co -volumizaous equation of stt.ite the equation of th,-e con-
servation of enregy is not savis, iecf- E - E Q + -_

p(vo-v), where Q is the heat of' explosior., taken La It
In the latter equtor Eh =nen3 nry s~:~c

where cv was calculated for ar. ideal. gaseous state of th e
explosica products lsinca G Cv T * 1)

L (-H-

This indicates that the cv-voluminouis equation pv
nRT + p.a(v) is not a satiafactory equation of state for
thte explosion products (especially at large p) -nd can
be considered only as somewhat of an approximation suitable
for calc,;lating p, v or T when two of Ciese values are
knowvn. It is entirely probab'1e that obtaining the co-
voluminousa equation of state Eor the eiplosion prodciuct-s
on the basis of the data fo : nitroiuethane, nitroglycerin,
hexogen and TEN became iossilbie as a result oI these
close detonation temperatures.r

Tf, following Landau and Srnyukovich1 91 . terms
are introduced into the energy and piressure- equations
which take into consideration the mutual repulsion of
the molecules at high prsurs and we write E =
TSc~dT + Es5 1 p and p =nRT __x psimp, -ae the val.ues

of ESim for nitromethane, nitroglycerin and hexogen
1 0 w&g,'cc) wil. be 4, 37 azid 50% re~ptzctivA-ly o1LE.

At the same time nRT changes .A.ttle and Lor nitrowiethane
i s 23.103 a-Wm, bnit~lycezAxn 24.103 .itmn and hexogen 28.103
atm, whicl~i averages 17.3, 9.2 and 7.2%. o.: the values of
pressur: p. The results obt'ainm~ indicaf-e the importance
of experimiental determination of tmpera'ttu-,.e tvr deriving
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and checking the equation of state for explosion products
and the "expmesion for the internal energy, without hicb
it is difficult to calculate the parameters of the deton.-
tion wave.

Institute of Chemical Received August 27, W9
Physics, Academy of
Sciences, USSR Presented by Academicl.en

V. 14. Kondrat'ev,
A gust 31, 1959.
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